impact includes risk to others (unsupervised use; unintended exposure of children to diverted medication) and drugrelated criminal behavior. The indirect impact includes the economic costs of untreated opioid dependence, crime and loss of productivity. Conclusion: While treatment for opioid dependence is essential and must be supported, it is vital to reduce misuse and diversion while ensuring the best possible care. Understanding the impact of OST misuse and diversion is key to defining strategies to address these issues.
Introduction
Opioid dependence is a problem that exacts a significant toll on public health and generates criminal, health and economic costs quantifiable in the billions. The United Nations Office on Drugs and Crime estimates that there are between 16 and 39 million problem drug users worldwide [1] .
Effective interventions for opioid dependence are available. The best treatment outcomes are achieved when a comprehensive multidisciplinary approach such as opioid substitution treatment (OST) is offered, including opioid-substitution medicines and integrated health and social care interventions to respond to individual patient needs [2] . The current term OST has limitations because it does not describe the nature of the medications involved, which do not necessarily have substitutive effects for illicit opioids, but reduce cravings and control addictive behaviour [3] . Better terms that can be used in the future might include prescription-only opioid treatment or long-acting opioid treatment, but for our study now, the term OST is used for clarity.
OST has been successful in reducing the harm associated with opioid dependence (overdose deaths, crime) and limiting the spread of blood-borne viruses (BBV) [4] . However, due to the agonist nature of OST medication, it can be diverted or misused for recreational, self-medication or other purposes. Diversion is defined as the intentional transfer of a controlled drug from legitimate distribution and dispensing into illegal channels [5] . Misuse is defined as the use of a medication other than as directed or as indicated, whether willful or unintentional, and whether it results in harm or not [6] . Assessment of the impacts of OST medication misuse and diversion exists in various publications, but there are no complete descriptions of the far-reaching extent of these impacts. Currently, no systemised approach to describe the impacts of misuse and diversion exists. Here, a framework to assess outcomes in opioid dependence treatment [7] has been used to describe the problem and its direct and indirect consequences to the individual and society.
Experts in the field used a systematic review to populate this framework, aiming to better define and understand the impact of misuse and diversion on outcomes in care as a starting point to inform change in the delivery of opioid dependence care. They noted that misuse and diversion reduce the probability of successful outcomes from the treatment of opioid dependence. Defining the impact of misuse and diversion can help build a consensus regarding the best response to reduce the problem and improve care.
Method
A literature search was performed on PubMed and Google, covering the period from January 1993 to June 2014, to identify publications reporting diversion or misuse of buprenorphine-and methadone-containing medications. The search terms used were:
'buprenorphine' or 'methadone' and 'misuse' or 'diversion', in the title or abstract. Two independent reviews of the initial literature search results were conducted, classifying publications based on relevance to this study and those that fit within the defined framework. Papers were considered relevant if they contained original qualitative or quantitative research pertaining to misuse or diversion (as defined in the Introduction) of buprenorphine-or methadone-containing opioid substitution medicines. Reviews and commentaries/editorials were excluded. These 2 rounds of review identified key sources of evidence in the published literature. In addition to the systematic literature review, experts provided clinical experience from day-to-day practice managing the care of people with opioid dependence.
A meeting of experts in the field was convened to discuss identified literature and experience working in the field. This meeting, which was aimed at creating a consensus on the interpretation and analysis of findings from different sources describing the extent and impact of misuse and diversion of OST medication, was held in 2014.
Results
Of the total 645 results from the literature search, the review identified 44 sources describing the impact of misuse and diversion of OST medication ( table 1 ) . This review includes only sources containing strong empirical data informing the discussion, and the results that fit into a framework ( fig. 1 ), defining impacts of misuse and diversion as direct or indirect and on the individual (25 articles) or on society (19 articles).
Individual
Non-adherence to guidance for OST medication includes injection or snorting of oral medicines and diverted use by a person for whom it is not prescribed [8] . Noncompliance with treatment often leads to poor treatment outcomes and eventual dropout. Medication diversion impacts the benefit patients experience from treatment by limiting adherence through the sale of medication, prolonging contact with active drug users and maintaining participation in a drug-use lifestyle [9, 10] . One analysis suggests a correlation between daily-dose buprenorphine and positive outcomes, where the treatment dropout rate and non-compliance are greater if a patient is undertreated with buprenorphine [11] , while a UK case study indicates that treatment compliance is increased and misuse decreased when patients were involved in setting goals for treatment [10] .
For the 10 million injecting drug users (IDUs) worldwide [2] who may share injecting paraphernalia [12] , the risks of injecting include contracting and spreading BBV and other infections, and the frequency of infection may be on the increase [13, 14] . OST medicines are known to be injected: for instance, 37% of 156 IDUs surveyed in Melbourne in 2002 reported ever having injected monobuprenorphine [15] . There is no available data specifically reporting the risks of misuse of OST medicines by injection, but it is reasonable to assume that the risks of disease spreading via injecting drug use are similar regardless of the substance injected. Drug overdose presents another significant impact of misuse and diversion. Fatalities due to methadone overdose are a major concern in OST administration: deaths in which methadone was the sole reported drug totalled 258 in Scotland and 2,343 in England over the period 1993-2008 [16] . 103 429 in 2013. It is not known what proportion of these deaths is related to methadone, which has been diverted; considering the frequency of OST diversion, it is possible that many of these deaths may be related to methadone diversion [17] . The role of diversion in overdose fatalities has been described in some studies: 51% of methadone overdose fatalities in Hamburg in 2007-2012 were people not in OST treatment at the time of death [18] . A study in North Carolina in 2010 reported that unintentional or undetermined drug overdoses were responsible for 892 deaths: out of the 191 deaths examined involving methadone, only 2 were patients in opioid treatment programs [19] . According to another study of 312 individuals who had died after taking methadone over the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] in Norway, in 85% of cases (n = 264), the deceased had died of methadone-related intoxication, most often in combination with benzodiazepines, cannabis and other opioids. Of those deceased due to methadone related intoxication, 78% had used diverted methadone [20] . OST medicines may be diverted within prisons, and a study by Farrell and Marsden [21] showed that more than half of the 442 deaths that occurred in a cohort of 48,771 UK prisoners were due to drug-related overdose. This finding led to the introduction of structured Integrated Drug Treatment System programmes in UK prisons to address drug diversion, misuse and overdose. The indirect impact of misuse and diversion on the individual includes a decreased quality of life (QoL). QoL is severely impaired in opioid-dependent addicts, but few studies have been conducted comparing different substitution agents with respect to QoL outcomes [22] . QoL of those misusing their OST medication can be presumed to be similar to normal drug users; successful treatment increases QoL [23] .
Misuse and diversion may be associated with mental health problems: in the United States, a review of public databases found that 3% of adults older than 50 years receiving outpatient psychiatric treatment used illicit drugs, and that drug users in methadone maintenance treatment exhibited multiple psychiatric or medical conditions [24] . A majority of mental health professionals perceive non-compliance in patients diagnosed with both a mental illness and a substance addiction (dual diagnosis). The reasons for the nonadherence to treatment are poor disease awareness, side effects, low efficacy and complicated posology [25] .
Some studies suggest that using the combination of buprenorphine/naloxone may reduce misuse and diversion: 18 months after introduction of the buprenorphine/ naloxone combination in Australia, 9% of regular IDUs reported injecting the combination product in the past 6 months compared to 23% for buprenorphine and 17% for methadone (n = 513). In a group of 399 subjects in OST, 10% receiving the combination product (n = 116) had injected within the past 6 months compared with 30% receiving buprenorphine (n = 126) and 24% receiving methadone (n = 157) [8] .
Society
Misuse and diversion of OST medicines can directly impact relationships with family and friends, sometimes placing children of misusing parents in danger of accidental exposure. Reports show that diverted medication is occasionally consumed by children and opioid-naive adults with fatal consequences [26] . In 2011-2012, it was recorded that 60,596 adults in treatment in the United Kingdom had parental responsibility, an opioid problem, and were receiving OST medicine. 17 fatalities and 6 non-fatal ingestions of OST medications by children were recorded in the same study in the 10-year period between 2004 and 2014 [27] . A retrospective review identified 22 paediatric admissions in the United States over 10 years for accidental methadone or buprenorphine ingestion and reported that there were 10 (46%) children admitted for methadone and 12 (54%) admitted for buprenorphine ingestion, with ingestions tripling in the last 5 years of the study. The trend was statistically significant and correlated with the number of patients in OST in the region [28] . It has been reported that fatalities in children are in some cases attributable to diverted medicines. In the United Kingdom, case reviews reported that 23 children were involved in serious overdoses in 2004-2014, 17 of which resulted in fatalities. A great majority of these cases involved methadone, while a few involved buprenorphine. In some of these cases, exposure to OST medication was thought to be deliberate misuse of methadone by teenagers [27] .
Misuse and diversion cause indirect harm to society via criminal activity, economic costs and loss of productivity. Criminality and contact with the black market are implied when medication is diverted with economic motivations, or when medication is purchased for misuse. Diverted medication is reported in the majority of prisons inspected in the United Kingdom, resulting in problems such as drug debts, bullying, unknown interactions with other prescribed drugs and risk of overdose [29] .
The cost of untreated opioid dependence is measured in the millions [30] [31] [32] [33] . It is difficult to estimate the exact costs of misuse and diversion; however, it is reasonable to assume that some costs corresponding to drug use and treatment may be indicative of the actual costs of OST medicine misuse and diversion. In 2006, the estimated total cost of misuse of prescription opioids in the United States was $53 billion, of which $42 billion (79%) was attributable to lost productivity, $8 billion (15%) to criminal justice costs, $2 billion (4%) to drug abuse treatment, and $944 (2%) million to medical complications [34] .
Misuse and diversion may prevent recovery from drug addiction, which benefits public health and cuts crime as well as delivering value for money for the taxpayer. For instance, in the United Kingdom, it is estimated that every £1 spent on treatment delivered £2.50-£3.50 benefit to society, chiefly by cutting crime and also by reducing health and social costs [32, 35] . Other data showed that drug treatment and recovery systems in England may have prevented approximately 5 million crimes in 2010-2011, with an estimated savings of £960 million in costs to the public, businesses, the criminal justice system and the National Health Service [36] . A Public Health England report analyzing costs and savings of opioid dependence treatment to public services states that residential treatment pathways cost approximately £25,000 per patient over 3 years -about 5 times the average cost of community pathways, which are estimated to total approximately £6,000 per patient. This report also estimates the loss of productivity costs depending on the complexity level of the patient that can range from £5,000 to £9,000 for residential treatment patients and from £2,000 to £3,000 for community patients. Estimated net health and social care savings for 100 clients with very high complexity levels on a community pathway are approximately £22,000 more than for 100 clients with very high complexity levels on a residential pathway [37] . In Italy, a study estimated that every €1 spent in outpatient OST saves €6 [38] . Importantly, savings to society will not justify the costs of treatment if misuse or diversion prevents positive treatment outcomes such as recovery from addiction, improved health, and desistance from crime. Diversion and misuse may also present a threat to the reputation of OST services, which could compromise public acceptance of treatment for opioid-dependent individuals and access to treatment [39] .
Discussion
The intensity of the problems associated with opioid dependence has been described: mortality rates of over 40 drug-related deaths per million were reported in 6 EU countries, with the highest rates in Norway (76 per million) and Estonia (191 per million) [40] . More than 30,000 deaths from unintentional drug overdose were reported in the United States in 2010; drug overdose death rates have been rising steadily since 1992 with a 102% increase from 1999 to 2010 alone [41] .
The effectiveness of well-delivered, evidence-based treatment for drug use is well established [12] . International studies consistently show that drug treatmentcovering different types of drug problems, using different treatment interventions and in different treatment settings -impacts positively the levels of drug use, offending, overdose risk and the spread of BBV. However, misuse and diversion may reduce the efficacy of treatment. Reported rates of selling, giving away or swapping OST medicine vary from 16% in Portugal, where 21% of dosing is supervised, to 16% in Greece, where 78% of dosing is supervised, to 39% in France where 26% of dosing is supervised [42] . A UK survey of 886 OST patients found that 60% of patients on supervised methadone dosing would prefer not to be reasons of the stigma associated with methadone [10] . Understanding factors, including supervision and the proportion of methadone and buprenorphine prescription, that contribute to misuse and diversion is important to delivering effective care for opioid dependence.
There is a lack of documented evidence of the quantitative impact of misuse and diversion, especially with regards to the QoL of those misusing OST medication. The results of this literature review, interpreted within the framework of real-world experience of experts in the field, define a consensus expert opinion that the misuse and diversion of OST medication negatively impact treatment outcomes and the community as a whole. First, an increase in mortality rates compared to the general population is evident. Individuals are also put at risk of BBV through the practice of injecting drug use [43, 44] . Misuse and diversion increase stigma and result in poor adherence to recommended treatment [39] . Beyond the individual, many children are put at significant risk, including that of accidental ingestion, by parents misusing OST medication [27] . With a rise in demand for diverted OST medications comes an increase in associated crime. Diversion as thefts from pharmacies and from homeowners reflects demand for illicit OST medications. A common form of diversion is 'doctor shopping', which occurs when a person seeks care from multiple medical practitioners at the same time for the purpose of obtaining medications from more than one prescriber. This increase in crime contributes to significant costs to society, which also includes expenditure associated with medical treatment of overdose, complications, and associated illnesses such as BBV. This economic impact of misuse and diversion of OST medication is documented in the published literature.
Experts agree that all of these harms make misuse and diversion problems something that needs to be addressed; further research specific to misuse and diversion is required to better understand the drivers and define strategies that effectively reduce misuse and diversion. Establishing Europe-wide prevalence data pertaining to misuse and diversion using a standardised tool for data collection would enable the identification of possible confounders (e.g. differences in prescribing regimes; differences in mean duration of supervised dispensing; differences in criminal record rates). This standardised prevalence data could allow the determination of factors affecting misuse and diversion and identification of a typology of drug users who could be suitable for supervised dispensing and those who could be suitable for take-home doses. The uncertainties in assessing and responding to diversion and misuse may be a factor deterring physician participation in OST; however, experts note that prescribing more abuse-deterrent forms of medication could serve as one intervention among others within the OST system to potentially increase quality, acceptance and access to treatment [45] , as the policy and legal framework concerning opioid addiction treatment is continually under debate [46, 47] .
Conclusion
Misuse and diversion of OST medication are serious problems in health, social and economic terms. It is evident that diversion leads to criminal behaviour and poor treatment outcomes due to non-adherence, while the impacts of misuse range from poor health to increased rates of mortality and the spread of BBV. There are many useful guidelines for the management of opioid dependence. While it is clear from individual sources of evidence that the impact of misuse and diversion of OST includes a broad range of negative outcomes for the individual and for society, there is no clear definition in quantitative terms to support a significant change in treatment delivery and opioid dependence care.
Further work to define the impact of misuse and diversion of OST medication more precisely is recommended; this evidence will be critical for defining strategies to reduce misuse and diversion and improve outcomes in OST-based opioid dependence management. Addressing these problems will ultimately support positive outcomes for public health.
